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ANTICOAGULANT RODENTICIDE EXPOSURE AND TOXICOSIS


IN FOUR SPECIES OF BIRDS OF PREY PRESENTED TO A


WILDLIFE CLINIC IN MASSACHUSETTS, 2006–2010


Maureen Murray, D.V.M., Dipl. A.B.V.P. (Avian)


Abstract: Mortalities among birds of prey from anticoagulant rodenticide (AR) toxicosis have been


documented in several countries. Reports on extent of exposure within regions of the United States are limited.


This study investigated AR exposure and toxicosis in four species of birds of prey (red-tailed hawks [Buteo


jamaicensis], barred owls [Strix varia], eastern screech owls [Megascops asio] and great horned owls [Bubo


virginianus]) presented to a wildlife clinic in Massachusetts. The aims of this study are to document the proportion


of these four species that died or were euthanized due to their presenting injuries that had detectable amounts of


ARs in liver tissue; to identify and quantify ARs present; to describe clinical, postmortem, and histopathologic


signs of toxicosis; to evaluate potential sublethal effects of AR exposure; and to associate liver AR level with


toxicosis. Birds included in the study were sampled without regard to signs of AR toxicosis. Postmortem


examinations were conducted, and liver samples were analyzed for AR residues. Of 161 birds tested, 86% had AR


residues in liver tissue. The second-generation AR (SGAR) brodifacoum was identified in 99% of positive birds.


Mortality from AR toxicosis was diagnosed in 6% of birds. No indications of sublethal effects of exposure were


found, and no association between liver brodifacoum level and signs of toxicosis was apparent. Given the high


proportion of birds in this study exposed to ARs, specifically brodifacoum, continued monitoring is warranted as


new U.S. Environmental Protection Agency regulations on the sale and use of SGARs are enacted.


Key words: Anticoagulant rodenticides, birds of prey, brodifacoum, Massachusetts, toxicosis.


INTRODUCTION


Mortality of birds of prey from anticoagulant


rodenticide (AR) exposure has been documented


in the United States, Canada, and Europe.1,3,9,23,24,27


Toxicosis via a secondary route (i.e., consumption


of contaminated prey) has also been demonstrated


experimentally in barn owls (Tyto alba).8,16,19


Further, clinical presentation, diagnosis, and


treatment of a free-living red-tailed hawk (Buteo


jamaicensis, RTHA) with toxicosis from the


second-generation AR (SGAR) brodifacoum has


been described.18


The most extensive report of AR exposure in


raptors in the United States to date is by Stone et


al.24 This study found residues of ARs in the


livers of 49% of 265 birds from New York state.


Brodifacoum was identified in 84% of positive


cases. To the author’s knowledge, no reports on


AR exposure in birds of prey in other areas of the


United States have been published.


SGARs were introduced in the 1970s in


response to resistance among some rodents to


first-generation ARs (FGARs) such as warfarin.


The U.S. Environmental Protection Agency


(EPA) concluded in 2004 that SGARs, particu-


larly brodifacoum, present significant threats to


wildlife because of the high toxicity of these


compounds and their ability to bioaccumulate.7


SGARs exhibit long half-lives and persist pre-


dominantly in liver tissue.2,10,11,17,26 Given this


persistence of SGARs, accumulation in the liver


following the consumption of multiple sublethal


doses is possible and has been demonstrated in


laboratory rats fed flocoumafen, an SGAR


structurally similar to brodifacoum.10 An exper-


iment in which domestic pigs were exposed to


brodifacoum via multiple feedings of contami-


nated brushtail possum (Trichosurus vulpecula)


carcasses demonstrated the accumulation of


brodifacoum in pig tissues, showing that the


same effect occurs via a secondary route of


exposure and presenting the risk of tertiary


exposure.5


In 2008 the U.S. EPA issued the ‘‘Final Risk


Mitigation Decision for Ten Rodenticides,’’


disallowing the sale of brodifacoum and three


other SGARs (bromadiolone, difenacoum, and


difethialone) through general consumer outlets


such as grocery stores and hardware stores


effective June 2011.25 The mitigation decision


allows the sale of FGARs through such consumer


outlets, as FGARs are less acutely toxic and are


thought to pose less risk of secondary poisoning


due to their shorter half-lives.7 The decision
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allows the sale of SGARs to agricultural users


and pest management professionals, however,


which will potentially enable SGARs to remain in


the food chain.


The aims of this study are to document the


proportion of four species of birds of prey


admitted to a wildlife clinic in Massachusetts


that died or were euthanized due to their


presenting injuries that had detectable amounts


of ARs in liver tissue; to identify and quantify


ARs present; to describe clinical, postmortem,


and histopathologic signs of toxicosis; to evaluate


potential sublethal effects of AR exposure; and to


associate liver AR level with toxicosis.


MATERIALS AND METHODS


Animals


Birds included in this study were free-living


RTHAs, barred owls (Strix varia, BDOWs),


eastern screech owls (Megascops asio, EASOs),


and great horned owls (Bubo virginianus,


GHOWs) that were admitted to the Wildlife


Clinic at Tufts Cummings School of Veterinary


Medicine (TCSVM) in North Grafton, Massa-


chusetts, USA, between April 2006 and March


2010. Locations of recoveries were multiple towns


and cities surrounding TCSVM, located in


central Massachusetts, including urban, subur-


ban, and semirural communities. Birds either


were dead on arrival (DOA), died soon after


admission, or were euthanized due to the severity


of the presenting injury or illness. Humane


euthanasia was performed in cases in which the


bird’s condition precluded release to the wild. No


birds were euthanized for the purpose of this


study. Birds were sampled without regard to


clinical suspicion of AR toxicosis in an attempt to


identify subclinical and toxic levels of exposure.


The study protocol was approved by the Tufts


University Institutional Animal Care and Use


Committee.


Clinical and postmortem data


Presenting histories and locations of recoveries


were collected from the finders of each bird.


Physical examination findings on admission were


recorded. Clinical data such as packed cell


volume (PCV) and total solids (TS) measurement


were collected only when indicated and possible


in the course of a medical workup and were


therefore not collected from each bird sampled.


Postmortem examinations were performed


within 24 hr of death. Liver samples were


collected at necropsy and stored in contami-


nant-free glass jars (I-Chem, Thermo Fisher


Scientific, Rockwood, Tennessee 37854, USA)


and frozen at 217uC until AR analysis.


Based on clinical signs and/or gross necropsy, a


cause of death or primary reason for euthanasia


for each bird was assigned from one of four


categories: trauma (nonrepairable fractures, se-


vere ocular injuries, central nervous system


injuries, extensive wounds), other (infections,


systemic disease), unknown (chronic malnutrition


with no other gross findings, birds presenting


DOA without obvious cause), and suspected AR


toxicosis. Clinical criteria for an antemortem


diagnosis of AR toxicosis included anemia and


hypoproteinemia and/or evidence of excessive


hemorrhage (e.g., external bleeding, extensive


intramuscular or subcutaneous hemorrhage),


along with depressed mentation and evidence of


cardiovascular shock (pallor of mucous mem-


branes, poor capillary refill time [CRT]). Post-


mortem criteria included evidence of extensive


hemorrhage (subcutaneous, intramuscular, pul-


monary, visceral, or intracoelomic hemorrhage,


pallor of internal organs) without concurrent


evidence of corresponding severe trauma (such as


fractures, wounds, or ocular injury).


Other information collected at postmortem


examination included body condition (catego-


rized as excellent, good, or emaciated) and


gender. An attempt to age birds was made only


for RTHAs, in which the presence of red retrices


allows an obvious distinction between juvenile


and mature birds.


The first phase of the study (April 2006


through August 2008) assessed potential subclin-


ical hepatotoxic effects of ARs. Liver samples


from two birds positive for brodifacoum without


clinical signs of toxicosis (one RTHA and one


EASO) and from two birds positive for brodifa-


coum with clinical signs of toxicosis (one RTHA


and one BDOW) were collected in 10% neutral


buffered formalin (NBF) for histologic examina-


tion. In the second phase of the study (September


2008 through March 2010), full histopathologic


examination was performed on tissues from six


birds diagnosed with AR toxicosis based on the


clinical and/or postmortem signs detailed above


(four RTHAs, one EASO, and one GHOW) to


identify histologic lesions and rule out other


causes of death. Representative sections of liver,


kidney, heart, lung, gastrointestinal tract, spleen,


reproductive organs, adrenal gland, and pancreas


were collected in 10% NBF on all birds, with


additional tissues collected based on individual


lesions present. All histopathology was per-
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formed by Northwest ZooPath (Monroe, Wash-


ington 98272, USA).


AR screening and quantification


All sample analysis was performed at Louisi-


ana Animal Disease Diagnostic Laboratory


(Baton Rouge, Louisiana 70894, USA). Screen-


ing for ARs was accomplished by extracting liver


samples and analyzing the extracts by high-


pressure liquid chromatography (HPLC). Re-


agents were all reagent or HPLC grade; these


included acetone, acetonitrile, and potassium


mono- and diphosphate (Fisher Scientific, Inc.,


Pittsburgh, Pennsylvania 15275, USA). Addition-


ally, bulk C18 phase sorbent (Varian, Inc., Palo


Alto, California 94304, USA) was used for matrix


solid-phase dispersion (MSPD) extraction.


The standards used for the quantification of


positive samples were obtained from AccuStan-


dard, Inc. (New Haven, Connecticut 06513,


USA). These included bromadiolone, diphaci-


none, chlorophacinone, and brodifacoum. Ap-


propriate dilutions were made with a diluent


solution composed of 60% phosphate aqueous


phase and 40% of a 10% acetone in acetonitrile.


The extraction procedure was conducted on a


0.5-g sample of liver that was dispersed in a 2-g


portion of the bulk phase via MSPD, using a


mortar and pestle. A solid phase column was


prepared by placing a 1.5-cm-diameter Whatman


#1 filter disc in an empty, prerinsed 12-ml


syringe barrel; 1 g of Florisil (Fisher Scientific,


Pittsburgh, Pennsylvania 15275, USA) was


poured next, and finally the C18 containing the


sample. Another filter paper disc was placed on


top and the material in the barrel was compressed


with the plunger of the syringe. An aliquot of 8 ml


of acetonitrile was allowed to pass through the


column dropwise to elute the compounds of


interest. Once all the acetonitrile was collected in


a glass test tube, it was evaporated to dryness


under a stream of nitrogen. The sample was


reconstituted with 0.125 ml of the diluent used to


make the standards.


Analysis was accomplished by reversed-phase


(C18) gradient HPLC, using the aqueous phos-


phate buffer and acetonitrile. The analytes were


detected using a diode array–type, fast-scan


ultraviolet absorption detector (Thermo Fisher


Scientific, Pittsburgh, Pennsylvania 15275, USA)


and a fluorescence detector connected in series


(Kratos, Inc., Schoeffel Instrument Division,


Westwood, New Jersey 07675, USA). The


excitation wavelength was 280 nm and the


emission filter was a cutoff at 370 nm.


Quantification of the identified rodenticides


was achieved by comparing the peak areas to


external standards of different concentrations.


The average recovery was 60% for bromadiolone,


69% for brodifacoum, 52% for diphacinone, and


54% for chlorophacinone.


The screen also included warfarin, Pival, and


difethialone.


Statistical analysis


Statistical analysis was performed using non-


parametric tests, as the data were not normally


distributed. P values of ,0.05 were considered


significant. A Kruskal-Wallis test was used to


compare brodifacoum levels among the four


species, followed by a Dunn procedure for


pairwise comparisons. For the Dunn procedure,


an a of 0.0042 was used, and a Z value .2.635


was considered significant. As species differences


in sensitivity to ARs exist,20,28 further statistical


analyses were conducted on each species inde-


pendently. Kruskal-Wallis tests were used to


evaluate cause of death and body condition in


relation to brodifacoum level. Mann-Whitney


tests (2-tailed P) were performed to evaluate


brodifacoum level in relation to gender for


BDOWs, EASOs, and GHOWs. For RTHAs,


as gender and age were recorded, a Kruskal-


Wallis test was used to compare brodifacoum


levels among adult females, adult males, juvenile


females, and juvenile males, followed by a Dunn


procedure for pairwise comparisons with an a
and Z value as above. Statistical analysis was


performed in SPSS version 17 (SPSS Inc.,


Chicago, Illinois 60606, USA).


RESULTS


Birds sampled and proportions with liver


AR residues


A total of 161 birds were sampled, including 80


RTHAs, 40 BDOWs, 23 EASOs, and 18


GHOWs. Of the 161 birds from all four species


tested, 139 (86%) were positive for AR residues in


liver tissue. The number and percentage of AR-


positive birds of each species are as follows: 71


(89%) RTHAs, 30 (75%) BDOWs, 20 (87%)


EASOs, and 18 (100%) GHOWs.


AR identification and quantification


The SGAR brodifacoum was the sole AR


present in 136 (98%) positive birds. One BDOW


was positive for the SGAR bromadiolone alone.


One BDOW and one RTHA were positive for


both brodifacoum and the SGAR difethialone.
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Therefore, brodifacoum was present in 99% of


positive birds. Median, minimum, and maximum


brodifacoum levels in parts per billion (ppb) are


given in Table 1.


RTHAs were found to have significantly


higher brodifacoum levels than BDOWs (P 5


0.014, Z 5 3.260). No significant differences in


brodifacoum levels were found among other


species comparisons.


For BDOWs, EASOs, and GHOWs no signif-


icant differences were found in brodifacoum level


between genders (BDOW P 5 0.758, EASO P 5


0.591, GHOW P 5 0.285). For RTHAs, a


significant difference was found among age-


gender categories (P 5 0.00). Adult female


RTHAs had significantly higher brodifacoum


levels than both juvenile females (Z 5 3.170) and


juvenile males (Z 5 4.332). However, no


significant difference was found between adult


males and juvenile males (Z 5 2.303) or juvenile


females (Z 5 1.160). In addition, no significant


difference was found between adult females and


adult males (Z 5 2.192) or between juvenile


females and juvenile males (Z 5 1.033).


Clinical, postmortem, and histopathologic signs of


AR toxicosis


AR toxicosis was diagnosed clinically and/or


on gross postmortem examination in nine cases


(6% of all birds sampled). These cases are


detailed in Table 2. All nine birds were positive


for brodifacoum in liver tissue. Among the AR


toxicosis cases, brodifacoum levels ranged from


12 to 269 ppb, with a median level of 136 ppb.


Three birds presented DOA. Observable clinical


signs among the six suspected cases presented


alive included depression (n 5 6), mucous


membrane pallor (n 5 6), delayed CRT (n 5 6),


intramuscular hemorrhage (n 5 3), hemorrhage


from the glottis (n 5 2), subcutaneous hemor-


rhage (n 5 1), hemorrhage from a superficial


laceration (n 5 1), and hemorrhage from the


choana (n 5 1). Two of the six birds presented


alive had no externally visible hemorrhage or


bruising but showed only depression, mucous


membrane pallor, and delayed CRT. Measure-


ments of PCV and TS were obtained from five


birds; all five birds exhibited severe anemia and


hypoproteinemia.


Gross postmortem signs among the nine cases


included pallor of internal organ(s) (n 5 8),


subcutaneous hemorrhage (n 5 6), intramuscular


hemorrhage (n 5 3), intracoelomic hemorrhage


(n 5 4), ecchymoses of the sternum (n 5 4),


pulmonary hemorrhage (n 5 1), pericardial


hemorrhage (n 5 2), muscle pallor (n 5 1), and


hemorrhage of ventricular serosa (n 5 1).


The six birds diagnosed with AR toxicosis on


which full histopathologic examination was per-


formed all had lesions demonstrative of severe


hemorrhage. Lesions included pulmonary hem-


orrhage (n 5 5), mesenteric hemorrhage (n 5 3),


hemorrhage of the kidney (n 5 1), hypoxic insult


to the liver (n 5 1), and extramedullary hemato-


poiesis (n 5 1). Details are given in Table 2.


Sublethal effects of ARs


Liver samples evaluated histologically for


evidence of hepatotoxicity showed no evidence


of toxic injury in the two birds without clinical


signs of toxicosis (1 RTHA, 45 ppb brodifacoum;


one EASO, 68 ppb brodifacoum) or the two birds


with clinical signs of toxicosis (one RTHA,


210 ppb brodifacoum; one BDOW, 57 ppb


brodifacoum). In addition, toxic damage to the


liver was not apparent in any of the six birds on


which full histopathology was performed.


No significant differences in liver brodifacoum


level in relation to body condition were found for


each species (RTHA P 5 0.742, BDOW P 5


0.907, EASO P 5 0.216, GHOW P 5 0.794).


AR level and cause of death


No significant differences in brodifacoum level in


relation to cause of death were found for any of the


four species (RTHA P 5 0.054, BDOW P 5 0.142,


EASO P 5 0.377, GHOW P 5 0.174). Table 3


details median, minimum, and maximum brodi-


facoum levels for each cause of death category.


DISCUSSION


The results of this study reveal that a high


proportion (86%) of four species of birds of prey


admitted to a wildlife clinic in Massachusetts that


Table 1. Numbers of birds tested and percentages
positive for brodifacoum along with median, minimum,
and maximum liver brodifacoum levels in parts
per billion.a


Species No. % positive Median
Minimum,
maximum


All 161 86 12 ,4, 269


RTHA 80 89 17.5 ,4, 269


BDOW 40 73 4 ,4, 159


EASO 23 87 13 ,4, 248


GHOW 18 100 9 ,4, 260


a RTHA, red-tailed hawk; BDOW, barred owl; EASO,


eastern screech owl; GHOW, great horned owl.
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died or were humanely euthanized due to their


presenting injuries had AR residues in liver tissue.


The SGAR brodifacoum was identified in 99% of


positive cases. The majority of AR-positive birds


were subclinical; 6% of birds included in the


study were diagnosed with AR toxicosis leading


to death.


Among the birds examined in this study,


RTHAs were found to have significantly higher


liver brodifacoum levels than BDOWs. Although


no statistically significant differences were found


among other species comparisons, the small


sample sizes of EASOs and GHOWs may


confound statistical analysis. Although GHOWs


were least represented in this study (n 5 18), it is


notable that 100% of GHOWs were positive for


brodifacoum. This finding is consistent with the


observation by Stone et al.24 of comparatively


high exposure in GHOWs.


The data suggest a possible relationship


between age and brodifacoum level among


RTHAs, with adult females having significantly


higher liver brodifacoum levels than juveniles of


both genders. However, this relationship was not


significant for adult males compared to juveniles


of either gender. There were no significant


differences between genders for adults or juve-


niles. Likewise, no significant difference in


brodifacoum level was found between genders


of the other species examined. The implication of


the higher brodifacoum levels in adult female but


not adult male RTHAs compared to juveniles is


uncertain. It is possible that with a larger sample


size a consistent relationship between age and


liver brodifacoum level may exist, which could


potentially reflect the accumulation of brodifa-


coum following frequent ingestion of contami-


nated prey in a given location. Such repeated


exposure is more likely to occur in adult birds


with established territories, on which they may


remain year-round in Massachusetts, as opposed


to juveniles that have yet to establish territories


and therefore may not be regularly feeding in the


same area.


Table 3. Numbers of birds per cause of death category and percentages positive for brodifacoum, along with
median, minimum, and maximum liver brodifacoum levels in parts per billion.a


Cause of death n % positive Median Minimum, maximum


All species


Trauma 117 85 13 ,4, 250


Unknown 27 78 24 ,4, 260


Other 8 88 15 4, 47


AR toxicosis 9 100 136 12, 269


RTHA


Trauma 57 88 23 ,4, 250


Unknown 13 92 24.5 ,4, 93


Other 5 80 13 6, 47


AR toxicosis 5 100 150 46, 269


BDOW


Trauma 32 75 6.5 ,4, 117


Unknown 5 40 23.5 23, 24


Other 1 100 4


AR toxicosis 2 100 108 57, 159


EASO


Trauma 17 94 13 4, 248


Unknown 4 50 20 3, 37


Other 1 100 31


AR toxicosis 1 100 136


GHOW


Trauma 11 100 7 ,4, 38


Unknown 5 100 58 ,4, 260


Other 1 100 44


AR toxicosis 1 100 12


a AR, anticoagulant rodenticide; RTHA, red-tailed hawk; BDOW, barred owl; EASO, eastern screech owl; GHOW, great


horned owl.
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The postmortem signs in birds diagnosed with


brodifacoum toxicosis described here (see Ta-


ble 2) are consistent with other reports.9,16,23 In


this study, six cases diagnosed with AR toxicosis


were examined histologically. The histopathology


in these cases supports the clinical and gross


observations of severe, acute hemorrhage and


rules out other possible causes of mortality (see


Table 2).


Antemortem signs of AR toxicosis in wild


raptors have been less frequently described.18 The


antemortem signs seen consistently in the birds


diagnosed with brodifacoum toxicosis in this


study (depressed mentation, cardiovascular


shock) could easily be attributed to simple


trauma, particularly if there is a history of


observed trauma, which may have precipitated


or occurred concomitantly with AR-induced


hemorrhage. In five cases PCV and TS measure-


ments were obtained, and all five birds displayed


severe anemia and hypoproteinemia to an extent


that is unlikely to occur with uncomplicated


trauma (see Table 2). For birds presented alive to


wildlife clinics or rehabilitation centers, demon-


strating profound anemia, hypoproteinemia, and


delayed clotting along with identification of an


AR is ideal in supporting a diagnosis of AR


toxicosis18 but may not always be possible based


on the condition of the bird. The conditions of


the birds diagnosed with AR toxicosis reported


here precluded adequate blood sampling for


assessment of coagulation.


As direct toxic effects on the liver from the


SGAR bromadiolone have been shown experi-


mentally in mice (Mus musculus)21 and rats


(Rattus rattus rufescens),15 the question of wheth-


er hepatic damage may occur in birds of prey


exposed to ARs has been raised.24 This study


found no evidence of hepatotoxicity on histologic


examination of birds exhibiting clinical signs of


brodifacoum toxicosis (range 12–269 ppb) or in


birds with brodifacoum detected in liver tissue


that did not have signs of toxicosis (range 45–


68 ppb). Additional study is warranted in


determining whether other ARs may have


hepatotoxic effects in birds of prey.


It has also been postulated that exposure to


ARs below a toxic level could cause subclinical


effects in birds of prey that may adversely affect


their survival through increased predation, pre-


disposition to trauma, or decreased ability to


hunt.14,24 In this study, no statistically significant


difference in body condition score in relation to


brodifacoum level was found for any of the four


species, indicating no relationship between higher


brodifacoum levels and malnutrition. In fact, the


majority of birds diagnosed with brodifacoum


toxicosis (8 out of 9) were classified as being in


excellent or good body condition, a finding that


could indicate either that these birds were hunting


in areas with high rodent populations resulting in


high AR use or that these birds were selectively


feeding on poisoned prey, which have been


experimentally shown to exhibit altered behavior


and slower reaction times prior to death.4


No statistically significant differences in liver


brodifacoum level in relation to cause of death


were found for any of the four species included in


this study. Because the majority of birds died or


were euthanized as a consequence of trauma, the


low numbers of birds with diagnoses other than


trauma may confound statistical analysis. The


small sample sizes of birds diagnosed with AR


toxicosis within each species in particular hinders


statistical analysis (see Table 3). However, no


clear association between liver brodifacoum level


and clinical or postmortem signs of toxicosis was


apparent. Although five of the nine suspected


toxicosis cases had liver brodifacoum levels


.100 ppb, nine additional birds (six RTHAs,


one BDOW, one EASO, one GHOW) had liver


brodifacoum levels .100 ppb (range 110–


260 ppb) but showed no clinical or postmortem


signs of hemorrhage in spite of the fact that seven


of these birds had obvious traumatic injuries,


including severe wounds and fractures. One


RTHA with a brodifacoum level of 167 ppb


presented with a traumatic amputation of the


distal wing but did not exhibit hemorrhage,


anemia, or hypoproteinemia, yet excessive hem-


orrhage was observed in other RTHAs with


lower brodifacoum levels (see Table 2). Similarly,


one GHOW with a brodifacoum level of 260 ppb


presented DOA, in excellent body condition, and


with no obvious abnormalities on gross postmor-


tem examination, whereas another GHOW ex-


hibited gross and histopathologic signs of severe


hemorrhage with a brodifacoum level of 12 ppb


(see Table 2).


Previous reports of liver brodifacoum levels


associated with toxicosis in wild raptor species


have similarly shown a wide range. In one study,


Stone et al.23 attributed mortality to brodifacoum


toxicosis in RTHAs, BDOWs, EASOs, and


GHOWs with liver levels ranging from 0.01–1.6


parts per million. In another study of several


raptor species presented dead to a wildlife


pathology laboratory, Stone et al.24 report a liver


brodifacoum range of 0.005–0.965 mg/g among


cases without signs of toxicosis and a range of
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0.03–1.28 mg/g among cases in which brodifa-


coum toxicosis was the suspected cause of


mortality. Therefore, from the data obtained in


this study, along with existing literature, it


appears as though the concentration of brodifa-


coum in liver tissue should not be relied on as an


indicator of the presence or absence of toxicosis


in an individual bird but should be used to


confirm exposure and support a diagnosis of


brodifacoum toxicosis in conjunction with ante-


and postmortem signs.


Given the lack of clear association between liver


brodifacoum level and signs of toxicosis in birds of


prey, it is possible that individual variation plays a


role in susceptibility to toxicosis. Variation in


responses to given doses of SGARs has been


observed experimentally in both brushtail possums


and rats, with some individuals exhibiting hemor-


rhage and mortality after a single dose or following


cumulative dosing whereas others exhibit no signs


under the same dosing protocols.6,10 Similarly,


experimental exposure of barn owls to brodifa-


coum via a secondary route resulted in death of


four out of six owls although all owls consumed an


equivalent amount of brodifacoum.19


In human medicine, marked variation in


response to therapeutic dosages of warfarin is


observed among individuals.22 This variation is


partly attributed to genetic differences in cyto-


chrome P450 enzymes, which metabolize antico-


agulants, and in vitamin K epoxide reductase


(VKOR), the enzyme anticoagulants inhibit.22


Both AR metabolism and VKOR differences have


been cited as explanations for differing sensitivity


to ARs among rats and mice.13 A recent study in


birds found that warfarin metabolism and VKOR


activity varies greatly among avian species and


may in part explain species differences in sensitiv-


ity to ARs.28 In this study, owls (one GHOW and


two snowy owls [Bubo scandiacus]) were found to


have less ability to detoxify warfarin than


chickens (Gallus gallus) and ostriches (Struthio


camelus).28 It is possible that variation in metab-


olism and VKOR activity among individual birds


could influence susceptibility to AR toxicosis.


The nine birds diagnosed with AR toxicosis in


this study died either in spite of initiation of


treatment (volume resuscitation, vitamin K1 ad-


ministration, oxygen therapy) or before treatment


could be initiated. During the study period, three


additional RTHAs were treated for AR toxicosis


(two confirmed via identification of brodifacoum


in plasma, one unconfirmed but strongly suspected


based on clinical signs and response to treatment)


and released to the wild upon successful rehabil-


itation. Although the prognosis for birds suffering


from AR toxicosis is guarded to grave, successful


treatment is possible in some cases.18


CONCLUSIONS


As this study sampled birds admitted to a


wildlife clinic, these data do not represent a true


survey of prevalence of exposure among the


populations of these four species. However, given


the large percentage of birds with liver AR


residues presenting from varied communities


(urban, suburban, semirural), it is reasonable to


postulate that exposure among individuals of


these species was high in this geographic area


during the time this study was conducted. This


percentage of birds with AR residues indicates


the pervasiveness of ARs, particularly brodifa-


coum, in the prey of the sampled population


during this time period. Exposed birds represent


individuals that may be at risk of developing


toxicosis in time if they are repeatedly hunting


among contaminated prey populations.


Although only nine birds were diagnosed as


having died from brodifacoum toxicosis, the


birds in this study represent individuals that were


found by members of the public or by wildlife


agencies (six were recovered in urban areas, two


from suburban towns, and one from a farm). It


has been suggested that birds suffering from AR


toxicosis may be likely to die undiscovered in


their roosts, as a period of lethargy may precede


death.19 Therefore, the number of birds diagnosed


with AR toxicosis in this study does not represent


the prevalence of mortality due to AR toxicosis in


these populations.


During the time this study was conducted,


brodifacoum was readily available for purchase


by general consumers at such outlets as grocery


stores and hardware stores. The data presented


here and by Stone et al.24 provide an indication of


exposure among certain populations of raptors


prior to new U.S. EPA regulations. Continued


monitoring of these populations is needed to


evaluate the effectiveness of these regulations in


reducing exposure and risk of toxicosis from


SGARS, particularly brodifacoum, in the future.


As general consumer use of SGARs declines,


possible increases in the use of FGARs and/or


use of professional pest management services,


which will still be allowed to employ SGARs,


may occur. Wildlife veterinarians and rehabilita-


tors treating birds of prey should retain a high


index of suspicion that birds exhibiting the


clinical signs described in this report could be


suffering from AR toxicosis.
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Sent: Wednesday, July 17, 2013 7:40 PM
To: Wasem, Russell; Joseph Okoniewski
Cc: Parsons, Laura
Subject: RE: FW: Wildlife Exposure to Rodenticides Question
 
Hi Rusty, that sounds fine. And no, I don’t have any contract with Reckitt. Both Joe and I enjoy a jet-
setting lifestyle courtesy of the NYSDEC and I am currently working out of the Cornell vet college.
Beth
 
From: Wasem, Russell [mailto:Wasem.Russell@epa.gov] 
Sent: Wednesday, July 17, 2013 2:57 PM
To: Elizabeth Marion Bunting; Joseph Okoniewski
Cc: Parsons, Laura
Subject: RE: FW: Wildlife Exposure to Rodenticides Question
 
Hello Beth, Joe,
 
Thank you for getting back to me.
 
Does 7/29 at 2:30 work for you both?   Also, before we go much further on the topic of rodenticides,
are either of you working for or currently under contract with Reckitt Benckiser?  I thought it was
awkward to include this question in the initial “cold contact” email, so I wanted to ensure I received
a response first.
 
Best,
Rusty
 
From: Elizabeth Marion Bunting [mailto:emb54@cornell.edu] 
Sent: Wednesday, July 17, 2013 11:59 AM
To: Russell Wasem
Cc: Joseph Okoniewski
Subject: RE: FW: Wildlife Exposure to Rodenticides Question
 
Hi Rusty, we are happy to talk. I also asked Joe Okoniewski to participate. He is a NYSDEC biologist

with many years of experience diagnosing rodenticide deaths in NY. He is available on both the 29th

and 30th. It would be more convenient for me in the afternoon of either day, but I am fairly flexible
on time.
Beth
 
From: Joseph Okoniewski [mailto:jcokonie@gw.dec.state.ny.us] 
Sent: Tuesday, July 16, 2013 5:27 PM
To: Elizabeth Marion Bunting
Subject: Re: FW: Wildlife Exposure to Rodenticides Question
 
OK for 7/29 and 30.  I will be out 7/31 through following week. 

>>> Elizabeth Marion Bunting <emb54@cornell.edu> 7/16/2013 2:52 PM >>>
Hi Joe, are you game for a phone call? Can we get your lab associates as well?
Beth

mailto:Wasem.Russell@epa.gov
mailto:emb54@cornell.edu
mailto:jcokonie@gw.dec.state.ny.us
mailto:emb54@cornell.edu


 
From: Russell Wasem [mailto:Wasem.Russell@epa.gov] 
Sent: Tuesday, July 16, 2013 12:25 PM
To: Krysten L. Schuler; Elizabeth Marion Bunting
Cc: Parsons, Laura
Subject: Wildlife Exposure to Rodenticides Question
 
Good Afternoon Dr. Bunting, Dr. Schuler,
 
I am involved in EPA’s efforts to remove second generation anticoagulant rodenticides from the
residential consumer market and am interested in learning more about your experience analyzing
wildlife exposed to rodenticides.  Can either you be available the week of July 29 for a short
conference call to discuss your experience?  If the answer is yes, I can provide more specific
questions we would like to discuss in advance of our call.
 
I greatly appreciate your time and consideration.
 
Regards,
 
Rusty
 
Rusty Wasem
Chemical Review Manager
Office of Pesticides
U.S. Environmental Protection Agency
703-305-6979
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